ABSTRACT
INTRODUCTION
Lung cancer is one of the most common type of cancers and a major cause of cancer-related deaths globally. Small-cell lung cancer (SCLC), an aggressive cancer, accounts for nearly 10−15% of all lung cancers (1) . Chemotherapy with combinations involving etoposide, doxorubicin, cisplatin and vincristine are employed in the treatment of patients with SCLC (2) . The dearth of chemotherapy regimen is the development of multi-drug resistance (MDR) that leads to ineffectiveness of the therapy. In recent years, cancer re-search has been focussed on the understanding of the fundamental mechanisms that impart drug resistance.
Multi-drug resistance has been observed to be mediated by several mechanisms such as alterations in the apoptotic proteins and pathways, change in the activity of specific enzyme systems involved, active efflux of the chemotherapeutic drugs by ATP-binding cassette (ABC) transporters and others (3) . Among the mechanisms that are proposed to initiate MDR, overexpression of ABC transporter proteins has received extensive attention (4) .
P-glycoprotein (P-gp), a 170-KD transmembrane glycoprotein encoded by the human MDR 1 (ABCB1) gene, is a member of the family of ABC transporters. It acts as an ATP-driven efflux pump that decreases intracellular drug accumulation, thereby decreasing the effectiveness of many chemotherapeutic agents (5, 6) .
The ATPase domains of P-gp are induced by the presence of transport substrates such as vinca alkaloids (vincristine, vinblastine), anthracyclines (doxorubicin, daunorubicin, epirubicin), epipodophyllotoxins (etoposide, teniposide) and taxanes (7, 8) . Thus it would be effective if the activity of P-gp mediated drug efflux could be inhibited which may resensitize MDR. As the P-gp efflux pump is an ATP-dependent transport system (9) , compounds that are effective inhibitors of ATP-dependent drug transport should mediate the inhibition of drug resistance and increase intracellular accumulation.
Recent research is now focussing on natural products and plant-derived compounds as MDR-reversing agents. A number of studies demonstrate that natural products derived from plants are potential drugs to overcome MDR in many multi-drug resistant cells (10−12) . These studies suggest that plant extracts and derived compounds could be potent agents in reversing MDR and also be chemotherapeutic.
Momordica charantia L (MCFPE; commonly known as bitter melon) is widely consumed as a vegetable. It is also consumed as a folk medicine in Asia. Extracts of bitter melon have been reported to possess antioxidant activities (13) , antiviral (14) , antidiabetic and immunomodulating properties (15) . The present study was undertaken to investigate the effect of the hot water extracts of the peel and pulp of the fruit of Momordica charantia on human lung cancer cell lines.
MATERIALS AND METHODS

Chemicals
[ 3 H]-paclitaxel (37.9 Ci/mmol) was purchased from Moravek Biochemicals, Inc (Brea, CA, USA). Verapamil, Roswell Park Memorial Institute (RPMI) medium, fetal bovine serum (FBS), glutamine, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) HRP-conjugated goat antimouse IgG and the mono-clonal mouse antibody against Pgp, agarose were obtained from Sigma Aldrich (St Louis, MO, USA). All other chemicals and reagents used were of analytical grade.
Preparation of bitter melon extracts
The whole fruit of the freshly harvested bitter melon from a local farm was collected, washed well and cleaned. The peel and the pulp alone were collected. The peel and pulp of the bitter melon were shade dried at 30−40°C. The thoroughly dried samples were finely powdered and extracted with hot water. The powdered sample of 100 g was extracted rigorously with two litres water at 100°C for six hours. The concoction was filtered and re-extracted with four litres of water. The combined filtrate was re-filtered and concentrated by rotary evaporation and lyophilized to dryness. The MCFPE extract was dissolved in dimethyl sulfoxide (DMSO) and used for experimental purposes, with the final DMSO concentration being 0.1% (v/v) in the culture medium.
Cells and cell culture
Drug-sensitive H69 and multi-drug resistant cell line NCI-H69/LX4 (procured from Sigma Aldrich) were cultured in RPMI medium supplemented with 10% FBS, 2 mM glutamine and 0.4 µg/mL doxorubicin (only for NCI-H69/LX4) at 37°C in suspension culture in an atmosphere with 5% CO 2 . NCI-H69/LX4 has been established by exposure of the parent line H69 to doxorubicin. The cell line hyper-expresses P-glycoprotein and is resistant to doxorubicin and taxanes. When the cells reached around 80% confluence, they were harvested and plated for subsequent passages or for drug treatments.
Cytotoxicity assay H69 and H69/LX4 cells were plated at 3.0 × 10 3 cells per well in 96-well plates. After 24 hours, various concentrations of MCFPE and paclitaxel were added and the cells were incubated for 72 hours at 37°C. The cell growth was assessed by means of an MTT colorimetric assay (16) . In each experiment, cytotoxicity assessment was carried out in triplicates.
Measurement of [ 3 H]-paclitaxel accumulation
Accretion of paclitaxel in H69 and H69/LX4 cells were measured using [ 3 H]-paclitaxel as described previously (17, 18) . The confluent cells in 24-well plates were pre-incubated with verapamil (standard compound that is a known inhibitor of P-gp) and MCFPE for one hour at 37°C. In order to evaluate the drug accumulation, the cells were then incubated with 0.1 µM [ 3 H]-paclitaxel in the presence as well as absence of 50 µM verapamil and MCFPE for about two hours at 37°C. The cells were then washed with ice-cold phosphate buffered saline (PBS), trypsinized and the accumulation of paclitaxel was measured in terms of measure of radioactivity. Radioactivity was assessed by using Packard TRI-CARB 1900CA liquid scintillation counter (Packard Instrument, Inc).
Analysis of [ 3 H]-paclitaxel efflux
To measure drug efflux, the cells were treated in a similar manner as in the drug accumulation experiment; the cells were then incubated for 0, 60 and 120 minutes in the fresh medium at 37°C in the presence or absence of the reversal agents. After 120 minutes, the cells were then washed thrice with ice-cold PBS followed by trypsinization. The cells were then placed in scintillation fluid to measure the radioactivity in the same way as measurement of drug accumulation. Simultaneously treated, a duplicate set of 24-well plates were used for cell counting.
RNA extraction and reverse transcription polymerase chain reaction
Total RNA was isolated from H69 and H69/LX4 cells treated for 72 hours with MCFPE as well as from untreated control cells. RNA was isolated using TRIzol (Sigma Aldrich, USA). The isolated RNA was quantified by spectrophotometry and analysed in 1% agarose gel.
Reverse transcription (RT) reactions using 2.5 µg total RNA were performed with oligo-dT primers with M-MLV reverse transcriptase (Sigma Aldrich, USA). The primers specific for MDR 1 were employed (19−21) . The reference gene for the normalization of target gene expression was GAPDH (glyceraldehyde-3-phosphate dehydrogenase).
Polymerase chain reaction (PCR) reactions were performed in GeneAmp ® PCR System 9700 (Applied Biosystems, USA). The products were separated in 2% agarose gel and were stained with ethidium bromide. The gels were visualized under ultraviolet (UV) light and the densitometry analysis was carried out using Bio-Rad Gel Doc 1000 systems.
Western blot analysis of P-glycoprotein
Plasma membrane from the cells treated with MCFPE at 0.1% for 72 hours was prepared according to the method described by Anuchapreeda et al (5) . The protein content was measured by the method of Lowry et al (22) , using bovine serum albumin (BSA) as a standard. Equal amounts of total cell lysates (20 µg of protein/lane) were separated in a 7.5% SDS-PAGE and electrophoretically transferred onto nitrocellulose filters. The filters were incubated sequentially with mouse monoclonal anti-P-gp (23) at dilution of 1:5000 and HRP conjugated goat anti-mouse IgG at a dilution of 1:20 000. Proteins were visualized using a SuperSignal protein detection kit and quantified by scanning densitometry.
Statistical analysis
The results observed are presented as mean ± SD from three individual experiments. Differences between the means were analysed by one-way analysis of variance (ANOVA) and Student t-test. Statistical significance was considered when p < 0.05. The statistical analyses were performed using SPSS 10.0 software.
RESULTS
Effect of MCFPE on cytotoxicity of paclitaxel in H69 and H69/LX4 cells
To investigate the efficacy of MCFPE on reversing MDR, the effect of MCFPE on the SCLC cells treated with paclitaxel was determined by quantifying the growth inhibition on the cells. The results showed that MCFPE at 0.05%, 0.1% and 0.15% v/v increased sensitivity of H69/LX4 cells to paclitaxel as indicated by a decrease in the cell survival percentage, while similar treatment on H69 cells provided no significant modulating effect. The results obtained were similar on treatment of the cells with 20 µM verapamil ( Fig.  1A and B) . The highest concentration of the extract was most effective in inhibiting cell survival in SCLC cells.
Measurement of [ 3 H]-paclitaxel accumulation
To determine the effects of MCFPE on the function of P-gp as a drug-efflux pump, the accumulation of P-gp substrate [ 3 H]-paclitaxel in the presence or absence of plant extract was measured. The data obtained indicated that the intracellular concentration of [ 3 H]-paclitaxel in P-gp-overexpressing H69/LX4 cells was significantly lower than that in H69 cells (Fig. 2) in the absence of MCFPE or verapamil. After the cells were incubated with MCFPE at 0.05% and 0.1% in DMSO and the standard P-gp inhibitor verapamil for two hours, the intracellular [ 3 H]-paclitaxel accumulation was significantly increased in drug resistant cell line, and MCFPE at 0.1% concentration resulted in highest increase in the intracellular [ 3 H]-paclitaxel which was comparable to that of 10 µM of verapamil. However, the intracellular level of [ 3 H]-paclitaxel as observed in H69 cells was not significantly altered by either MCFPE or verapamil (Fig. 2) . ]-paclitaxel at time zero minutes was 0%. The percentages of the drug efflux at 30, 60 and 120 minutes were 31.31 ± 1.66%, 43.32 ± 2.14 % and 62.08 ± 1.26%, respectively, in the H69/LX4 cells in the absence of plant extract or verapamil. H69/LX4 on incubation with MCFPE at 0.1% of the efflux of the drug was found to be 20.12 ± 21%, 31.19 ± 2.04% and 39.88 ± 2.10% at 30, 60 and 120 minutes, respectively (Fig. 3B ). On treatment with verapamil, the drug efflux in the H69/LX4 cells was observed as 11.21 ± 0.52%, 15.39 ± 0.94%, and 19.12 ± 0.70% at 30, 60 and 120 minutes, respectively. In H69 SCLC cells, there was no significant modulation in the accumulation of paclitaxel in the presence or absence of plant extract or verapamil (Fig. 3A) .
Effects of Momordica charantia
Extract on MDR in Human Lung Cancer Cells
Effects of MCFPE on the efflux of [ 3 H]-paclitaxel
Effect of MCPFE on the expression of MDR 1 gene in the SCLC cells MDR 1 gene was amplified in order to study the level of expression in the SCLC cells. Treatment with MCFPE was found to have a significant impact on MDR 1 expression in the H69/LX4 cell line, decreasing its expression (Fig. 4) .
Yuan and Li Each reaction was performed in duplex since a reference gene GAPDH (glyceraldehyde-3-phosphate dehydrogenase) gene expression was included. The extract had no influence on the expression of the MDR 1 gene in the drugsensitive SCLC cell lines.
Influence of MCFPE on P-gp
Reversal of P-gp-mediated MDR could be achieved by either decreasing P-gp expression or by inhibiting P-gp function. To evaluate the effect of MCFPE on P-gp expression, H69/LX4 cells were treated with MCFPE for 72 hours. Western blotting analysis was performed after separation of the proteins by SDS-PAGE. The P-gp antibody was employed to detect the expression levels of P-gp. The result shown in Fig.  5 indicates that the extract had no effect on the protein expression levels in the drug-sensitive H69 cells. Treatment with MCFPE was found to inhibit the expression of P-gp as compared with the H69/LX4 cells that were not treated with MCFPE.
DISCUSSION
The efficacy of chemotherapy in lung cancer treatment is highly restricted by the progress of resistance in cancer cells. Tumour cells that have acquired MDR are generally crossresistant to a broad variety of chemotherapeutic agents that are chemically and functionally diverse. Multi-drug resistance is often associated with the overexpression of ATPdependent drug efflux proteins belonging to the superfamily of ABC transporters. P-glycoprotein, which belongs to the family of ABC transporters, is encoded by MDR 1 gene and is associated with MDR. Various approaches have aimed to reverse MDR and to sensitize the tumour cells to anti-tumour drugs. Verapamil and cyclosporine A have been found to be the most effective P-gp inhibitors in vitro, but they have been limited due to side effects. Recent studies are focussed on plant products to find new reversing agents that do not have the undesirable toxic effects.
In the present study, the effects of MCFPE on the cytoxicity of the anticancer drug paclitaxel were analysed in the NCI-H69 drug-sensitive cell line and NCI-H69/LX4 drug-resistant cell line. The results (Fig. 1 ) indicated that the extract was able to modulate the uptake and thereby increase the cytotoxic effects of the drug paclitaxel as evidenced by the decrease in the cell survival percentage. The P-gp inhibitor verapamil also showed a similar effect. The effect of MCFPE was found to increase with an increase in the concentration of the extract.
The influence of MCFPE on the accumulation of paclitaxel inside the cancer cells was analysed. The extract at two different concentrations -0.1% and 0.05% -significantly improved the accumulation of (26) . Limtrakul et al (27) reported that the flavonoids quercetin and kaempferol were able to increase the accumulation of paclitaxel and vinblastine dosedependently as well as decrease the efflux of the paclitaxel and vinblastine in multi-drug resistant human cervical carcinoma cell lines.
Previous studies (28, 29) have demonstrated that the overexpression of P-gp is a major cause for developing MDR, and reduced expression of P-gp is one of the Effects of Momordica charantia Extract on MDR in Human Lung Cancer Cells modalities in reversing multi-drug resistance. In this study, the expression levels of P-gp were analysed both at the transcriptional and at the protein levels. The mRNA isolated from the SCLC cell lines was amplified by RT-PCR and the result of the analysis, presented in Fig. 4 , reveals the expression patterns. The band density was observed to be significantly reduced in the H69/LX4 cells on exposure to MCFPE as compared to the untreated H69/LX4 cells. The band in lane 2 reveals the nearly nil expression of P-gp mRNA in the H69 cells that further supports that MDR 1 gene overexpression contributes to MDR. The decrease in the intensity of the expression band in lanes 4 and 5 (H69/LX4 cells treated with MCFPE) suggests that the extract harbours the potency to reduce the expression of MDR 1 gene. The results are in line with the recent studies with the flavonoid quercetin. Quercetin is capable of decreasing P-gp expression in a dose-dependent manner (27) . Western blot analysis showed that the 170 kDa P-gp was expressed in H69/LX4 cells untreated with MCFPE (lane 2). The expression of P-gp in the H69 cells was far below the detectable level (lane 1). Upon exposure to MCFPE, the P-gp expression of the H69/LX4 cells was remarkably reduced as seen in lane 3 (Fig. 5) . The observed results further support the capacity of the extract in modulating MDR by targeting the expression and activity of P-gp.
The reduction of MDR 1 expression probably at both translational and transcriptional levels has been put forth as one of the possible means by which some compounds reverse MDR (3).
Thus, in this study, our results showed that MCFPE distinctly raised the cytotoxicity of paclitaxel in paclitaxelresistant P-gp overexpression observed in H69/LX4 cells but faintly in paclitaxel-sensitive H69 cells. This indicates that MCFPE may act by reverses MDR by mediating overexpressed P-gp that is further supported by the results of [ 3 H]-paclitaxel accumulation and efflux analysis. Furthermore, as reported by Krishna and Mayer (3) , the results of the RT-PCR and western blotting suggest that MCPFE acts at inhibiting the expression of MDR 1 and thus reverses MDR. Similar results were obtained on treatment of drug-resistant cancer cells by cucurmin (30) .
Much effort is being taken recently toward identifying natural compounds from plant origins that inhibit P-gp, reverse the MDR phenotype, and sensitize cancer cells to conventional chemotherapy (31, 32) . The present study thus is an attempt to suggest that phytochemicals could suppress MDR. In this study, it could be suggested that the secondary metabolites present in the extracts of Momordica charantia were able to potentially modulate MDR.
In conclusion, the extract of the peel and pulp of Momordica charantia fruits represent potential reversal agents for the treatment of MDR in P-gp-overexpressing SCLC tumours.
